Abstract. There is a well-established literature indicating a relationship between iron in brain tissue and Alzheimer's disease (AD). More recently, it has become clear that AD is associated with neuroinflammatory and oxidative changes which probably result from microglial activation. In this study, we investigated the correlative changes in microglial activation, oxidative stress, and iron dysregulation in a mouse model of AD which exhibits early-stage amyloid deposition. Microfocus X-ray absorption spectroscopy analysis of intact brain tissue sections prepared from A␤PP/PS1 transgenic mice revealed the presence of magnetite, a mixed-valence iron oxide, and local elevations in iron levels in tissue associated with amyloid-␤-containing plaques. The evidence indicates that the expression of markers of microglial activation, CD11b and CD68, and astrocytic activation, GFAP, were increased, and were histochemically determined to be adjacent to amyloid-␤-containing plaques. These findings support the contention that, in addition to glial activation and oxidative stress, iron dysregulation is an early event in AD pathology. 
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Iron plays a pivotal role in many physiological pro- 
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RESULTS
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The total iron concentration and IRM of a single (Fig. 1a, b) ; no plaques genic, compared with wildtype, mice (Fig. 1c) (Fig. 1d) . The signal at 5 K is predom- (Fig. 3b) and CD68 (Fig. 3c-e was also observed (Fig. 3f) 1 A small number of isolated pixels included highly localized intense concentrations of calcium. As similar intensity of calcium inclusions were observed when mapping background regions, these pixels were omitted from the analysis. It has since been confirmed with further XRF mapping at the same beamline that although no XRF-detectable trace metals are present in the quartz slides, the Kapton coverslips contain a small number of calcium inclusions. Although areas that coincided with calcium inclusions were automatically omitted from the analysis as a precaution, no other trace metals were detectable in or on the Kapton. but not copper or zinc, was observed (Fig. 4d) . XRF (Fig. 4e) . pocampus is presented (Fig. 5a, b) . XANES spectra 558 from the ferritin and magnetite standards are plotted Fig. 2 . Markers of microglial and astrocytic activation are increased in brain tissue prepared from A␤PP/PS1 transgenic, compared with wildtype, mice. CD11b, CD68, IL-1␤, and GFAP mRNA expression was significantly increased in brain tissue prepared from A␤PP/PS1 transgenic, compared with wildtype, mice (**p < 0.01; ***p < 0.001; Student's t-test for independent means; CD11b, t-value = 4.929, df = 7; CD68, t-value = 10.06, df = 7; IL-1␤, t-value = 4.512, df = 7; GFAP, t-value = 4.583, df = 7;). Data are expressed as a ratio of CD11b, CD68, IL-1␤, GFAP mRNA:␤-actin mRNA, and are means ± SEM (n = 4 or 5).
beside Area 2 to enable visual comparison of the spec-560 tra (Fig. 5c) . XANES spectra from areas 1 and 2 were bination fit data generated for Area 2 is provided for 567 inspection (Fig. 5d) . The XANES spectra from areas with the deposits observed in the present study. These 4 . Areas of high iron concentrations co-localize with A␤-containing plaques. mXRF spectral analysis identifies iron deposition in the hippocampus of a brain section prepared from an A␤PP/PS1 transgenic mouse. An XRF iron map (a; scale bar = 1200 m, resolution = 60 × 60 m) identifies the area under investigation, an enlarged image (b; scale bar = 300 m) of the inset from (a) identifies an area of high iron deposition (labeled 1) and an area in the CA2 subfield of the hippocampus (boxed area, dotted line). The pixel intensity represents iron fluorescence (normalized to incident beam) and is proportional to total iron present. The white pixels are those exhibiting strong elevations of calcium typical of those identified in the Kapton cover, and are therefore discounted. c) Subsequent Congo red staining of the sample identified A␤-containing plaques and the area marked 1 corresponds with that marked 1 in (b), showing spatial correlation of A␤-containing plaques with high iron concentration (×10 magnification; scale bar = 200 m). To aid effective comparison between (b) and (c) the lateral blade of the dentate gyrus (DG) and the pyramidal layer of the CA3 field (CA3) are identified on both. d) The XRF spectra analysis displays the change in the fluorescence intensity of several elements in area 1 relative to the boxed area. Spectra associated with the K␣ edge for Iron (Fe), Copper (Cu), and Zinc (Zn) are shown (with the K␤ edge for iron also identified). e) The fluorescence intensity change (relative to a local background) for all areas of tissue, with A␤-containing plaque deposition, analyzed; Fe, Cu, and Zn changes are shown (n = 5; areas analyzed include hippocampal (CA2 and CA3 subfield areas) and cortical (Cx1, Cx2 and Cx3) amyloid deposits). A magnified version of the Cu and Zn portion of the radar plot is also provided. The radar plot center represents a 100% decrease in fluorescence intensity, with the radar plotlines away from the center indicating a 0-500% increase in fluorescence in 100% steps (relative to a local background in all instances). 
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However the role of IL-1␤ in AD pathology is complex.
731
For example, it has been reported that overexpres- We propose that this may contribute to the dysregula- 
